A multiobjective model for electric utility rate regulation / BEBR no. 719 by Linke, Charles M. & Whitford, David Thomas

UNlVbKSlTY OF
ILLINOIS L.BRARY
AT urB;.na-c':auipaign
-0OK3-.ACKS
Digitized by the Internet Archive
in 2011 with funding from
University of Illinois Urbana-Champaign
http://www.archive.org/details/multiobjectivemo719link

Faculty Working Papers
College of Commerce and Business Administration
University of Illinois at Urbana-Champaign

FACULTY WORKING PAPERS
College of Commerce and Business Administration
University of Illinois at Urbana-Champaign
October 16, 1980
A MULTIOBJECTIVE MODEL FOR ELECTRIC UTILITY
RATE REGULATION
Charles M. Linke, Professor, Department of
Finance
David T. Whitford, Assistant Professor, Depart-
ment of Finance
#719
Summary
The interests of the three parties to the regulatory process
—
the utility investors, the consumers, and the regulators—are often
in conflict. Investors are concerned with shareholder wealth maximi-
zation while consumers desire dependable service at low rates. If
the desired end product of regulation is to establish rates that
balance the interests of consumers and investors, then a planning model
is needed which accurately reflects the multiobjective nature of the
regulatory decision process. This paper develops such a multiobjective
programming model for examining the efficient trade-offs available to
utility regulators in setting rates of return.
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A MULTIOBJECTIVE MODEL FOR ELECTRIC
UTILITY RATE REGULATION
Much of the electric utility regulatory process revolves around the
presentation and rebuttal of expert testimony regarding "just and reason-
able" rates of return that provide "a balancing of the investor and con-
sumer interests" [2, 603]. More often than not the discrepancy be-
tween the rate of return a utility requests and what the regulatory
commission staff and consumer interveners recommend is substantial.
Such conflicting views are to be expected because the interests of in-
vestors and consumers are often in conflict. Investors are concerned
with shareholders wealth maximization while consumers desire dependable
service at low rates. Because of the "natural monopoly" status of elec-
tric utilities, it is the job of regulatory commissions to resolve this
inherent conflict between investors and customers by setting "fair and
reasonable" rates.
If the desired end product of regulation is to establish rates that
balance the interests of consumers and investors, then a planning model
is needed which accurately reflects the multiobjective nature of the
regulatory decision process. The purpose of this paper is to develop
such a multiobjective programming model for examining the efficient
trade-offs available to utility regulators in setting rates of return.
The planning model will focus upon the objectives of the three parties
to the regulatory process: the utility investors, the consumers, and the
regulators. The model will incorporate inflation, anticipated growth rates
in user demand, the resulting need for capital expenditures and financ-
ing, as well as targets specifying an "appropriate" capital structure.
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and dividend policy. By simultaneously considering these factors in
conjunction with the utility's need for revenues and customers' desire
for low cost but dependable service, the programming model will identify
the efficient, nondominated alternatives which "best satisfy" all par-
ties to the regulatory process.
Following a brief overview of the rate regulatory process and the
differences between traditional and multiobjective programming models,
a multiple criteria utility rate regulation model is developed. An
evaluation of the model's efficient solutions are explored next. This
analysis describes an evaluation process that regulatory commissions
might use in examining the trade-offs between investors and consumers.
Concluding comments appear in the last section.
an' ELECTRIC UTILITY RATE REGULATION MODEL
The rate making process acts as a substitute for competitive market
mechanisms by determining how prices and services are to be provided at
reasonable levels by profit oriented monopolies. Under a market system
firms determine their operating and financial risk-return profiles via
complex, interdependent decisions. These decisions are based upon the
potential market (s) to be served, the alternative product generating
function(s) available, and a variety of possible capital structures.
Under regulation firms are constrained in the pursuit of risk-return
objectives. Commissions regulate electric utilities by approving ser-
vice price structures that are expected to generate sufficient revenues
to allow recovery of operating costs, depreciation, interest and taxes,
plus a fair return on equity investment. As such, rate regulation
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affects the calculation of required revenues, the prices customers pay,
and the stream of cash flows to equity investors.
Exhibit 1 presents a simplified overview of a process designed to
establish "just and reasonable" rates of return. To recommend a "rate
of return," a commission must first accept an appropriate capital struc-
ture for an approved capital base. Then returns on debt and equity cap-
ital are established. Finally, a weighted average of these rates is
applied to the capital (rate) base. This required return to capital
suppliers plus an acceptable level of operating expenses (including de-
preciation and taxes) determine the required revenues that must be gen-
erated. The last step in the regulatory process is to approve a service
price structure that will interact with expected demand and generate the
needed revenues that allow recovery of operating costs, depreciation,
interest and taxes, plus a fair return to equity.
Almost all of the variables shown in Exhibit 1 are subjects of con-
troversy in regulatory proceedings. Perhaps the greatest source of con-
troversy is the "just and reasonable" rate of return to equity holders.
Expert witnesses in a rate case often recommend widely differing rates.
Other areas of regulatory controversy include the appropriate propor-
tions of debt and equity in the capital structure, the appropriate level
of the capital base, the reasonableness of the level of operating ex-
penses, and the service price structure. There is a tendency in current
regulatory practice to isolate decision areas. For example, consider
the return on rate base issue which is dependent upon a given
capital structure. A utility's (current or anticipated) financing
policies are taken as given or as independent of the costs of debt and
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equity, even though neither theoretical nor practical considerations
support such an artificial separation.
Given the interdependencles among many of these areas of contro-
versy, rate regulation requires simultaneous consideration of the deci-
sion options facing a utility. Although a static analysis may generate
reasonable regulatory decisions, it is difficult to detect if a series
of regulatory decisions derived through static or partial equilibrium
analysis are suboptimal. Because regulation must reflect the dynamic
interdependencles of all policy variables, a simultaneous equations
planning model is essential in utility regulation. A successful model
should collapse a multi-stage process into a single stage decision which
provides simultaneous consideration of the inherent interdependencles
encountered in rate regulation.
In a recent article [4] Alexander A. Robichek offered an alter-
native approach to the conventional regulatory process of determining
"just and reasonable" rates which recognized the need for simultaneous
consideration of decision options facing a utility. Robichek' s proposal
followed capital asset pricing model (CAPM) logic and required the fol-
lowing conditions exist:
1. The utility's operating expenses are judged to be reasonable;
2. The utility's expansion policy is appropriate to the needs of
the consumers;
3. The utility's financial structure is appropriate;
4. The utility's specific financing choices (e.g., of debt or
equity issues) are justified; and
5. The regulation of the utility's rate of return was judged "just
and reasonable" as of a previous point of time. This point of
time would then serve as the starting point from which to judge
the fairness of realized rates.
If these conditions are met, Robichek' s regulatory approach would provide
a basis for resolving some of the current conflicts in rate making.
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The application of this CAPM approach would require a significant
change in the current regulation process. More specifically, the ap-
proach would require. . .
. . . the utility and the regulators to agree on the specific para-
meters and time period along which to measure the "just and
reasonable" rate of return to equity investors;
. . .
the regulators to approve the planned major items of operating
expenses, such as salaries, labor contracts, etc., and major
capital commitments ; and
... an agreement as to the appropriate capital structure for the
utility and the major financing decisions in the planning
period.
Robichek. argued his approach to rate-making would eliminate some of the
current problems facing regulators while causing a few new ones. Some
problems would remain, such as how to compensate efficiency and penalize
inefficiency, how to set fair user rate schedules, and how to resolve
differences of judgment between the utility and the commission staff.
The programming model presented in this paper is a first step toward
implementing the Robichek regulatory approach.
A Multiple Objective Approach to Rate Regulation
The two phase mxiltiple objective programming algorithm and computer
codes utilized in this study were developed by Ralph E. Steuer [10, 11, 12].
Unlike traditional single objective fxinction linear programming approaches
to financial planning [1, 3], phase one of Steuer's multiobjective algorithm
attempts to solve the following vector maximization problem:
eff {Cx = Z IX e S, C e R^ X r"^}.
X c' '
In this problem, S is a feasible region {XeR|Ax— b, bcR}, C
is a criteria matrix that linearly relates a vector of decision variables.
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X, to a vector of criteria values, Z . A is a matrix of technological
coefficients that relate the decision variables to a vector of con-
straint values, b, and eff denotes that all efficient extreme points of
S with respect to C are to be found. A point, x £ S, is defined as ef-
ficient if and only if no other feasible point, x e S, exists, such that
Cx ^ Cx, Cx ¥^ Cx.
Although somewhat tedious, this maximization problem is relatively
straightforward. It stipulates that the solution algorithm should gen-
erate all possible feasible solutions that simultaneously optimize the
specified criteria. However, given the inherent trade-offs of public
utility regulation, it is virtually impossible to find a single solution
that will optimize all objectives simultaneously. Instead the output
of the first phase of Steuer's algorithm provides a set of efficient
solutions.
Phase two of the Steuer algorithm utilizes a filtering process on
the phase one efficient extreme points' criteria values. Although
several filtering options are available in Steuer's computer codes, this
study employs the "nondominated" alternative. In this "nondominated
mode" a pairwise comparison of all efficient solutions is made. All
dominated or inferior points are eliminated until only nondominated so-
lutions remain. Unfortunately an in-depth presentation of the Steuer
algorithms is beyond the scope of this study; however, see [10, 11]
for an enlightening review.
It is worth emphasizing an important aspect of multiobjective
linear programming. These algorithms are capable of dealing
only with linear constraints and objective functions. As such.
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typical multiplicative relationships such as earnings, price, and divi-
dends per share cannot be incorporated into the model unless one is will-
ing to specify a selling price(s) per share. Because these selling
prices do not consider the simultaneous nature of a given solution,
their use is suspect. However, given solution values for aggregate book
and market value, it is possible to derive per share figures after all
nondominated solutions have been determined. Accordingly, it is neces-
sary to filter the nondominated solutions through a second filter, which
can incorporate these critical non-linear relationships and determine
financially feasible and viable alternatives from the set of efficient,
nondominated solutions. A detailed description of this second filtering
process is given in the discussion of the model's results.
Formulation of the Model
As in all mathematical models, underlying assumptions are crucial.
The majority of our assumptions and the variable definitions are given
respectively in Exhibits 2 and 3. In this formulation, Robichek's five
criteria mentioned earlier are assiomed to hold.
Several aspects of Exhibit 2 are worth noting. The model will span
a three year planning horizon. Initially, the utility has a capital
base of $2.5 billion, with a debt/equity ratio of 1. During the planning
periods, the firm is expected to operate in an environment in which equity
investors in electric utilities have a required return of 15 percent, and
electric utility stocks sell at a dividend valuation multiple of 10.667.
A dividend valuation multiple of 10.667 is consistent with a dividend
payout of .75 and the current Standard & Poor utility index price-
earnings ratio of 8.
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>AR
Definition
After-Cax $ return on beginning
rate base in period t
Exhibit 3
Variable Definitions of Che ^!odel
Algebraic Formulation
CB^_^xRRB^ V^
Equation
(1)
BVB : Ending book value of all debt
outstanding in period 3
1.173 + .94ADj^ + .9(>i^2 + .98M) (2)
BVE : Ending book value of "old" and
"new" equity outstanding in
period 3
NW + iE + iE, + 4E^ (3)
CB Rate Base or Capital Base at
and of period t: CB„ 2,500
CB" - 2,650
cb:: - 2,900
CB^ - 3,250
(4.1)
(4.2)
(4.3)
(4.4)
CF
^t =
Internal Cash Flow before Invest-
nent and dividends occurlng In
period t:
Sale of debt In period t:
CF " $AR + Depreciation - After-tax Debt Charges
- Maintenance Adjustment
C?^ - $ARj^ 350 .08244D,
CF^
CF,
iD
$AR^ + 400
73.75
72.775
$AIU + 450 - 71.8 - .0799iD
0811540^ - .0824402 - .OlSUD
.08115AD, - .08244D - .016UD
2
(5.1)
(5.2)
(5.3)
DIV Total dividends paid in period
t: DIV
EBIT : Earnings before interest and
taxes in period t
NI ,,._ > + total pretax Interest expenses in period t
EBIT,
EBIT,
"1/.52 ^ "•" ^ -^240^
NIj, 22 + •91.875 .11764Dj^ + .12iD2
EBIT^ - NI^ . 52 + 50.0 + .U52AD^ + ,117640, + .12AD
(6.1)
(6.2)
(6.3)
IE. Net :> of equity sold In period
t or "new equity": 4B.
HVE : Market value of equity at the
end of period 3 10.667DIV, (7)
NI
:tw
Total net Income earned in
period t
"t^
«1 - 'h ^
NI2 = CF^ +
NI,
CF^ + Sinking Fund Payments - Depreciation
.024D + 25 - 350
.02(40, + 40,] + 25 - 400
CF + .02[4D + 4D + 40 ] + 25 - 450
Net worth of value of "old
equity at the end of period c
NW, - 1,250 + NI
NW , + NI
t-i t
DIV
1 "
""•''
"^l
2
NW, • NW, + NI, - DIV
DIV,
NW^ - NW + NI, - DIV^
(8.1)
(8.2)
(3.3)
(9.1)
(9.2)
(9,3)
Exhibit 3
(CONTINUED)
Variable Definitions of the Model
Variable Dcfinicio" Alsebraie Formulation liquation
PVBE:
XRB
Present value at period
of initial and new equity
outstanding at the end of
period 3
Return on rate base or
capital base in period t:
'•'^"^'^^
^^2/(1.15)* '^3/(1.15)2
RRB.
(10)
iROP: Value in $ of regulatory
overpricing at the end of
period 3
$RUP: Value in $ of regulatory
underprlcing at the end
of period 3;
$ROP - $RUP - MVE - BVE- (U)
TDIV: Total dividends paid during
the planning periods
TEBIT: Total earnings before interest
and taxes during the planning
periods
TTC;
TNI:
Total debt related fixed
charges incurred during the
planning periods
Total net Income earned
during the planning periods
Corporate tax rate
DIV + DIV^ + DIV
EBIT, + EBIT + EBIT,
.46818AD + .31452iiD, + .15866iiD, + 419.356
NI^ + NI^ * NIj
(12)
(13)
(14)
(15)
.48
IT) Unfulfilled consumer demand
occurlng in period C: UD » anticipated demand - generating capacity
UDj^ - 26,750 - lO.SCBg
UD^ - 28,075 - IG.SCB^
UD, - 30,450 - lO.SCB^
(16.1)
(16.2)
(16.3)
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Significant growth in power demand is anticipated during the
planning horizon. To accomodate this growth, major additions to the
capital base are needed. Although somewhat artificial, all investments
are assumed to occur at the beginning of each planning period; however
as seen in equation (1) in Exhibit 3, the after-tax allowed dollar re-
turn in a given period is calctilated on the basis of the previous pe-
riod's ending capital base.
Equations (2) and (3) define the ending book values of debt and
equity in period three. Equations (4.1) through (5.3) provide the val-
ues for end of period capital base and internal cash flow, respectively,
for each period. Similarly, (6.1) through (8.3) define respective pe-
riod values for earnings before interest and taxes calculated at a 48
percent rate, ending equity market value, and total dollar net income.
Equations (9.1) through (9.3) define end of period net worth. In order
to facilitate analysis of phase two filtering results, it was necessai^r
to distinguish betwen "internal" and "external" equity funds for valuation
purposes.
In equation (10) the period present value of equity book value
is defined. Equation (11) introduces two regulatory variables that
proxy the efficiency of regulation via the discrepancy between book and
market values. Equations (12) through (15) define total cumulative
dividends, earnings before interest and taxes, debt related fixed
charges, and net income, respectively, during the three year planning
horizon. Equations (16.1) through (16.3) define per period unfulfilled
consumer demand. From a technical viewpoint, this unfulfilled demand
will be met by foregoing normal maintenance (downtime) procedures. How-
ever, the additional operating expenses associated with poor maintenance
-12-
will cause "unfulfilled" demand to drain cash flows in subsequent pe-
riods (see equations (5.2) and (5.3)). Four final variables require
definition: AD
,
DIV , AE , and RRB . Respectively these are defined
in period t to be sale of debt in dollars, total dollar dividends paid,
net dollar value (after floatation costs) of equity sold, and return on
beginning rate base.
Objective Function Formulation
For operational purposes, the utility regulation model has five
goals that are attributable to three constituencies. These constitu-
encies, goal descriptions, and algebraic formulations are given in
Exhibit 4. Equation (17) specifies a consumer oriented goal that at-
tempts to minimize total allowed dollar returns during each of the
planning periods.
Shareholder or corporate goals are specified in equations (18)
through (20). The first corporate goal states that the algorithm should
maximize the discounted present value of all future cash flows that
accrue to shareholders as dividends. The last term in this equation
represents an ending market value of aggregate equity determined by the
10,667 dividend multiple given earlier in Exhibit 2. The second share-
holder goal is given in equation (10). This goal attempts to minimize
possible dilution of existing equity by minimizing the sale of common
stock. The final corporate goal is seen in (20) ; this criterion maxi-
mizes future internal corporate cash flow during the planning horizon.
Equation (21) specifies the remaining goal or criterion of the
model. It attempts to supress regulatory excess or perniciousness by
equating aggregate equity book and market values.
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Given the conflicting nature of these five goals, it is apparent
that the ability to compromise and incorporate trade-offs in the
regulatory process is essential. In order to accommodate this flexibil-
ity requirement, the model has four sets of operational and financial
constraints designed to specify reasonable ranges for corporate and reg-
ulatory policies. These constraint sets are given in Exhibit 5.
Equations (22) - (24,2) specify the five sets of regulatory con-
straints. In (22) upper and lower limits on the annual returns on be-
ginning capital bases are given. In addition (23,1) and (23.2) provide
maximum limits of 25 basis points on annual changes in returns on appro-
priate capital bases. The final two regulatory constraints place upper
and lower limits on the ratio of equity market to book value. Equation
(24.1) limits the aggregate period zero market value, less the aggregate
present value of "new" stock, to be less than or equal to 110% of be-
ginning equity book value. In similar fashion (24.2) states that these
present values should be at least 90% of beginning equity book value.
The next two sets of the model's constraints are related to cor-
porate dividend as well as financial leverage and coverage policies.
Equation (25) limits the annual maximum dividend payout to be no greater
than 75%, while (26) specifies a minimum dividend yield on all equity
sources to be 10%, Maximum and minimum debt/equity ratios of 1.105 and
,905 respectively are outlined in equations (27,1) through (28.3).
Finally, minimum annual fixed coverage charges of 1.5 are given in
(29.1) through (29,3).
The last two sets of constraints are given in (30.1) through (31.3).
These require that each period's ending assets equal total liabilities
and that all sources of cash equate to all uses in each planning period.
RECVLATOKY
Exhibit 5
CooBCialats of Multiple Criterion Kodel
Klnlinum aaxi Hajclmtim allowable
returns on the rate baeet
Kaxlnua year to year change In
return on rate base
.09 <. RRB <_ .11
SRB^ - W^j.j^ i. -0025 (t - 2,3)
SSa, - RRB_, < .0025 (t - 1,2)
t t+X "
(22)
(23.1)
(23.2)
Perlo4 market value - present value
of "new" stock should aot exceed
IIOZ of period equity book value
DIV DIV DIV + 10.667DIV iE 4E
^ 42, -
-rr4rr ^ < 1.375 (24.1)
^^•^^^ (1.15)^ (1.15)^ "l (1.15) (1.15) 2
-
Period marlcet value - present
value of "new stock." suae be at
least 90Z of period equity book
value
DIV DIV DIV, + 10.667DIV iE, 4E
—
-
+ =-:• + :
- AE, -
-—-rr ^ >.1,125 (24.2)
'^•"^ (1.15)^ (1.15)^
-1 (1.15) (,^^j2 -^
DIVIDEJiD POLICY
Kaxlnum Dividend Payout of 7SZ
Hlnlmua Dividend Yield of lOZ
DIV £ .75NI^
DIV >_ .INM +.11 4E
' '
T-1 ^
(23)
(26)
FINAKCIAL LEVEPACE COVERAGE
X"-^"""" debt celling: do not
allow debt/equity ratio to
exceed 1.105 In any year
t - 1 1.105[i«j^ + AEj^] >. 1,225 + .9StD^ (27.1)
t - 2 I.IOSCNW^ + AEj^ + iE^J i 1,200 + .9640^^ + .93ADj (27.2)
t - 3 1.105(HW + 4£j^ + iE + iE-] >, 1,175 + .94iD + .96AO + .98AD (27.3)
Hlnlaun debt Ualta: do not
allow debt/equity ratio to
fall below .90S in any year
t » 1 .SOStNtfj^ + iEj^] <. 1,223 + .98ADj^
t - 2 .905[NW2 + iEj_ + iE^J i 1,200 + .96iDj^ + .96iD2
t - 3 .905[NU2 + iEj^ + iEj + AEj] <_ 1,175 + .94iDj^ +
(28.1)
(28.2)
.96ia^ + .gSADj (28.3)
Fixed charge coverage should
be at least 1.5 In each year
t - 1 .667EBITj^ >_ .15846iD + 141.827
t - 2 .667EBIT >_ .15506iD + .15846AD, + 139.952
t - 3 .667EBIT2 >. .15356iD + .15606iD, + .15846AD 138.007
(29.1)
(29.2)
(29.3)
SOtJRCES OF FUNDS EQUAL USES
Assets equal llabllltiea
for each period
t - 1 CBj^ - NW, + iE + 1,225 + .98iD
t - 2 CB, - NW + iE + 4E + 1,200 + .96iD + .98AD
t - 3 CB
(30.1)
(30,2)
J
- HWj + iEj^ + iEj + iEj + 1,175 + .94iD + .96iD + .9SiD (30.3)
Sources of cash equal uses
of cash for each period
t - 1 iE + iD - DIV + CF - 500
2 iE, 4D, DIV + CF 650
t - 3 iEj + iDj - OIVj + CFj - 800
(31.1)
(31.2)
(31.3)
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THE ElESULTS
The initial filtering phase generated 224 nondominated extreme
points from over 352 efficient solutions. The linear requirements of
the Steuer algorithm did not allow calculation of per share data [such
as earnings per share (EPS), dividends per share (DPS), book value per
share (BVPS)] or profitability and leverage ratios to aid in the evalua-
tion of the relative attractiveness of the 224 nondominated extreme
points. This was done outside the Steuer algorithm using assumptions
consistent with the original model and financial theory. A flow chart
of the second filtering phase is contained in Exhibit 6. Values gen-
erated by the Steuer algorithm permitted calculation of the ending debt/
equity ratio, return on book value, average fixed coverage ratio, average
dividend payout percentage, ending market/book value ratio, and the
average return on rate base. Share data were derived after first esti-
mating the number of equity shares issued to raise the amount of common
stock financing in each time period for each Steuer algorithm solution.
A stock market price at time period zero (F ) was estimated by multiplying
time period zero BVPS (BVPS.) by the ending (aggregate) market/book
value ratio from the Steuer algorithm. This price deteirmination pro-
cedure assumes investors will correctly anticipate the performance of
the firm in the three year planning horizon. The selling price of a
common share at the beginning of time period one (SP ) is .95 P_ to
allow for market pressure and selling costs.
The number of connnon shares outstanding in time period one is
calculated by adding the number of shares at the beginning of the
period and the number issued at SP to raise the amount of common
Exhibit 6
Flow Chart of the Second Filtering Phase
Start Stop
e
ZRead in Variables for/
Nondominated Extreme/
Point
"TF
no
yes
Calculate:
Ending Debt/Equity Ratio
Average Fixed Coverage Ratio
Average Dividend Payout %
Ending Market/Book Value Ratio
Average Return on Rate Base
Period t = 1
^
Calculated Net Price per Share
at end of period using
P/E of 8 ^~'
Calculate
total shares
utstanding
period 1
Calculate
1 Dividends and earnings
I
per share in period t
Calculate
ending price
per share
using P/E = i
/print results for
this nondominated,
extreme point
Calculate:
Return Book Value
Period Dividend Yield
+ dividend growth rate
Holding Period Return
over three year plan-
ning period
Calculate:
Growth in Dividends
and Earnings per
Share
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stock financing in period one, EPS^ and DPS^ can then be derived and
provide the inputs for estimating P^ and SP» as follows:
P = 8.0 EPS ; and
SP^ = (.95) (P^) = (.95) (8.0 EPSj^).
The 8,0 P/E valuation multiple is admittedly a somewhat arbitrary choice.
However, a valuation procedure outside the Steuer algorithm is a neces-
sity if share data are to be considered in evaluating the 224 nondomi-
nated extreme points.
EPS
, DPS , P , and SP values are estimated in similar fashion
for periods two and three. These share data allow estimation of in-
vestor related variables such as the growth in EPS (G ) and DPS (G
, ),
eps dps '
and the holding period return realized by investors over the three
period planning horizon. Share data also permit estimation of equity
investors' required rate of return (k ) using the Gordon infinite
horizon DCF model.
The 224 nondominated extreme points were based on linear con-
straints and objective functions. The introduction of the multipli-
cative relationships of EPS, DPS, and price per share had a dramatic
impact on the financial viability of the nondominated solution points.
In evaluating the 224 nondominated solutions, two realistic financial
constraints were introduced to assure feasibility:
(1) DPS <_ DPS _< DPS ; and
(2) [(l+g,p3)
- g,p3]^° haTolTHtlo^ 1 ''''
-19-
The dividend constraint precludes any reduction in DPS over the planning
period while the second constraint assures that any disparity between
G and G, will be sustainable over a decade without causing
eps dps
the dividend payout ratio to exceed the .75 limit contained in the orig-
inal model. Only seven of the 224 nondominated extreme point solutions
met these two financial feasibility constraints.
Financial data for these seven feasible solutions are organized in
Exhibit 8 to reflect the particular interests of the various parties to
the rate regulatory process. Similar data for all 224 nondominated ef-
ficient solutions are presented in Appendices 1 and 2. Spearman rank
order correlation coefficients measuring the correspondence between the
(low to high) rankings of each financial variable in Exhibit 7 plus a
variable for the volume of common stock issued are shown in Exhibit 8.
As might be anticipated with a simultaneous equation model, the system-
atic associations between the variable have the expected signs and are
often significant even when tested with a nonparametric measure.
The data contain few surprises. Return on book value is system-
atically related to the allowed return on rate base and the debt/equity
ratio. Coverage ratios track well with debt/equity ratios. EPS and
DPS growth rates as well as the payout and coverage ratios are con-
sistent with the utility industry.
Hov/ever, only three of the nondominated extreme point solutions,
numbers 57, 124, and 204, appear to provide plausible planning guides.
Even for these three solutions, the relationships between some of the
variables may not appear consistent with traditional rate base regulatory
procedures. For example, the utility represented by extreme point 57 would
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have to have a pre-tax debt cost that exceeded stockholders' required
return (k ) of 14.29 percent in order to have a weighted average cost
of capital equal to the average 10.876 percent return on rate base. Of
course an allowed return on rate base in excess of the firm's cost of
capital would certainly explain a market/book ratio greater than unity.
A partial explanation of this apparent disparity revolves around
the existence of a sinking fund in the model which increases the re-
quired return on the rate base by nearly 2.0 percent. In addition,
traditional analyses focuses on end of period values while the return
on rate base percentage is an average of beginning of period rates.
Solution points 57, 124, and 204 have stockholder required rates
of return (k = D^/P_ + G ) that exceed projected holding period
returns (HPR) . This relationship is consistent with what has occurred
with electric utility stocks in the past decade, but it is not descrip-
tive of a well functioning rate regulatory process.
CONCLUDING OBSERVATIONS
The interests of the three parties to the regulatory process—the
utility investors, the consumers, and the regulators—are often in con-
flict. Investors are concerned with shareholder wealth maximization
while consumers desire dependable service at low rates. If the desired
end product of regulation is to establish rates that balance the interests
of consumers and investors, then a planning model is needed which accurately
reflects the multiobjective nature of the regulatory decision process.
This paper develops such a multiobjective programming model for examining
the efficient trade-offs available to utility regulators in setting rates
of returno
-23-
Generally the initial runs of the model are promising and supportive
of a simultaneous decision approach to rate regulation. There are several
possible explanations for some of the abberations in the data. The dynamics
of the evaluation procedures need further study. Ultimately a nonlinear
programming model may be required in order for multiplicative share
data manipulations and valuation to become an integral part of the
primary model. Another area for study is the impact rapid growth in
the capital budget may have upon economic rates of return and reported
accounting returns. Study of this phenomena which has been explored
elsewhere [5, 9] may provide a partial explanation of some of the
low HPR-high return on book value combinations in Exhibit 8. This
phenomena may also give insight into the impact of inflation on utility
regulation and operation.
M/E/225
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APPENDIX 1
NONOOHINSTEO
POINT
UTILI IT
C-5T-TC-—FT7PD —P7Y?5iJT
NUJ^BtR gguiTT COVHRA&E RATIO
=3S3=^^aaa3x SSX==S3 =XXXZ.33 C==X33
2 1.0309 3.1649 .6570
5 1.1050 J. 0561 .6*71
6 1.1050 3.0531 .6*92
r 1.1050 3.3595
3.2702
.6501
3 .9050 .6659
IS
1.0309
1.5399
3.16*9
3.1320
.6992
.6535
1* 1.0342 3.1624 .6607
16 .1050 3.0561 .5493
17 .1050
.1050
3.0531 .6919
18 3.J595 .6927
19 .1050 2.9659 .6381
22 ..1050 3.33*1 .55**
23 .1050
1.1350
3.0312
3.0376
.6552
26 .5551
27 .9050 3.2702 .5730
23 .9050 3.2*68 .6720
2? .9C50 3.2702 .7C77
32 .9050 3.2*31 .5730
33 1.0353 3,1393 ,5630
35 1.03C9 3.3956 .6759
36 1.0399
1.0309
3.109* .6696
37 3.16*9 .7232
33 1.0349 3.1619
'JUI39 1.03C9 3.1*09
*1 1.0399 3.1320 .7061
46 1.0439 3.0753 .6767
*7 1.0441 3.1283 .5682
48 1.1050 3.0578 .7185
49 1.1C50 3.0390 .6979
51
1:18^8
2.93*7 .6*30
52 2.9659 .6*07
57 1.1050 3.0230 .6569
58 1.1050 3.0305 .5532
61 1.1050 3.0171 .5510
62 1.1050 3.0*16 .6593
63 1.1050 2.9799 .6676
64 1.1059
l.l55u
3.0122 .6505
65 3.03*1 .6587
68 1.1050 3.0335 .6573
69 1.105C 3.U306 .5575
73 .9050 3.2*5* .5807
75
:im 3.2702 .715576 3.2*68 .5804
77 .9050 3.2*31 .551*
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88 1.0374 i.o9oa .5834
92 1.0399 3.1094 .7057
93 1.0517 2.1129 .7250
94 1.0638 2.9014 .7253
95 i.aj52 1.1617 .7279
94 1.0399 3.1320
3.1223
.7303
.711699 1.0443
100 1.0359 3.1372 .7116
104 1.0489 3.0753 .7203
181
1.C517
1.0551
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^H 1.1050 2.3 79 9 .67*3132 1.1050 2.3337 .703*
133 1.1050 3.0122 .66a2
134 1.1050 2.7902 .7230
137
I'AIU
2.9950 .573*
140 2.9i;69 .6727
141
.9050 3. 2125 .7117
142 1.1050 3.0376 .5944
144
.9050 3.2*5* .7237
146 .9050 3.2149 .5904
149 .9050 3.1987 .6950
ISO .9050 3.2732 .7396
151 .9U50 3.2*31 .7244
152 .9050 3.2*63 .716*
153 .9050 3.2197 .6891
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.1*59 .0 33 .0295 .0395 1.0666700 10.1847
.1*5* .393 -.0033
.tJjIl
.0335 1.0666 700 10.1732
.1613 - . C 5 6 -.0357 1.0898*03
1.0656700
11.0007
.1594 -.057
-.2*5
-.0079
-.0033
-.0*71
-.0319
10.9C99
10.9099.1589 1.3933376
.1591 -.052 .9108 -.0315 1.0935020 10.9177
.1559 -.061 -.0219 -.0*66 1.0666700 10.7375
.1*80 .09* -.0001
-.3225
.0*11 1.0655700 10.3400
.1539 .171 .0529 1.1006272 10.7376
.1*75 .103 -.0315 .0399 1.0666700 10.3285
.161* -.067 .3156 -.0385 1.0362*22 11.0000
.1593 -.075 -.0005 -.0*34 1.0665700 10.9099
.1591 -.05* .00*1 -.0337 1.0900650 10.9099
.1561 -.067 -.0152 -.0*70 1.3655700 10.7374
.1555 .156 .023* .0673
.0571
1.08*5557 10.9224
.1529 .113 .0*10
.0510
1.0666700 13.7624
.1551 .098 .0520 1.0566700 10.7624
.1*6* .093 -.0287 .0385 1. 0655700 10.2544
.15*1 .159 -.0165 .3613 1.0931094 10.7376
.1**3 .095 .000* .0375
.0632
1.0656703 10.0991
10.3323.1560 .153 .0182 1.0925625
.1537 .150 -.0166
-.0290
.0618
.0332
1.0993116 10.7375
.1*57 .096 1.0665700
1.09 30290
10.2545
.1558 .15* .0183 .0635 10.3323
.1*36 .096 .0010 .0332 1.0665700 10.0992
10.7624.1552 .156 .0*94
.5*95
.0550 1.0986*43
.1551 .157 .045*
-.02*0
1.0991120 10.7524
.1571 -.028
-Mil 1.10333*7 11.0000.1593 -.0*2 -.0178 1.0897928 10.9224
.1567 -.031 -.0035 -.0256 1.1060310 10.9177
.1523 .20* -.0275 .0683 1.1091359 10.3163
.1527 .208 .0139 .0723 1.1140575 10.7624
.1586 -.034 -.0102 -.0298 1.1024482
1.1065712
11.3000
.15b3 -.021 -.0225 -.0255 10.9099
.1557 -.003 .0030 -.010* 1.1059185 10.9224
.1533 .215 -.0 39 2 .0716 1.1038471
1.056670l5
10.3323
.15*1 -.026 .0210 -.0156 10.7524
.1550 -.035 -.007 3 -.028* l.i;665700 10.3323
.1*80 .118 -.0152 .0**9 1. 0656700 10.4984
.1571 -.063 -.OlOu -.0*55 1.0666700 1C.9177
.155* -.049 -.0*05 -.0*63 1.0665700 10.7375
.1569 -.05* -.325* -.0*60 1.0666700 10.9099
10.340C.1*57 .099 -.0219 .0383 1.0666700
.151* .1*8 -.0*11 .05*0 1.0794379 10.7376
10.5*37.1500 .123 -.0432 .3*51 1.0665700
.1*81 .209 .0305 .0709 1.1329375 10.3122
.1575 -.023 .0093
.d032
-.C16* 1.3S38135 10.3323
.1510 .196 ,l!!676 1.1170211 !Q.5217
.1*05 .019 .0295 .0083
-.0333
1.06667BO
1.0665703
10.13*7
.1*63 .C!0 -.0033 10.1732
.1*33 .092 .0054 .0365 1.0666700 10.0553
1C.1B*7. '.*6 1 .1<.6 .02d5 .C603 1.11*5539
.1595
-.C*3 -.0085 -.0357 1.3951502 10.9099
.156* -.063 -.0251 -.0*97 1.U666700 10.7376
10.7376.1563 -.0 3'.
-.030
-.0227 -.U315 1.10*31*9
.1*90 -.0315 -.0315 1.0666700 13. 3285
.1*92 .197 .0001 .0677 1.12*5575 ia.*ioa
NONOnNlNATEO
exTRfKE
^Tl^—
UTILITT Investors
• POINT 31 ~CT35Ta"" ZSCilH
SUNbeR EQUITT CavE«4Ge RATIO 3N BV H1>R OF EPS OF OPS
««SS===53SX3 SZ:= ax 33 3=3===3= =x==== - = = = =r £3 = 3 3 xxa»37 3 3 33 33
137 I. 0638 2.9151 .7209 .1*59 .098 -.0236 .0381
188 1.0605 2.9518 .7213 .1*31 .17* -.0011 .0620
189 L.J6C'9 3.0325 .6952 .1522 .132 -.0255 .06*1
191 .1050 3.0*2} .7318 ,1593 -.057 -.0015 -.0331
192 1.1050 3.0393 .7237 1601 -.0*6 .0307 -.0227
193 ..IJ50
1.1050
2. 9968 .73*1 .1566 -.070
-.032
-.0191
.0130 ::8???lit, 3.0209 .70*1 .157d
195 L.1J50 3.0013 .7213 1562 -.0*2 -.0167 -.0329
196 L.105O
.1050
2.3721 .7**3 .1*73 -.023 -.0237 -.0287
-.0009197 2.995* .7036 1567 -.013
.173
.0*92
198 .l(j5c 2.d761 .6603 .1529 .0397 .0706
199 .U50 2. 7561 .6326 1*65 .105 .0315 .0501
.0**2
.039*
.1050 2.7387 .6906 1**8 .U98
.088
-.0051
1.105O
.1050
2.8600 .7131 .1*65 .00**
20* 2.3163 .7278 1*** .085 .0353 .0385
205 .1050 2.7*63 .735* .1*17 .083 .0330 .0366
.0366206 L.1050 2.7898 .7202 .1*38 .06* .0009
20 7 L.105O 2.9550 .6958 .1512 .180
-r32o5
.0637
208 L.1050 2.8*06 .7228 .1**8 .093 .0367
2C9 .1050 2.9266 .706* .150 .195 .007*
.000*
.0673
210 .1050 2.3280 .7*** .1*5 .015 .000*
211 .1050 2.7965 .7379 .1*2 .089 .0095 .0356
Z12 L. 105O 2.9263 .6923 .1503 .131 -.0221
-.5133
.06*3
213 .1050 2.7710 .7267 .1*26 .036 .03*7
21* 1L.1050 2.8997 .7030 1*97 .200 .0080 .0690
215 .1050 2.7276 .7*21 1*0* .036 .017?
.00*3
.03*7
216 1.1050 2.89*3 .7183 ,1*83 .196 .0679
217 .1050 2.8660 .7295 .1*71
.1*77
.212 .0357 .0717
218 1 .1350 2.8592 .7139 .197 .00*2 .068*
219 .1050 2.8327 .7252 .1*66 .218 .036* .0731
-.0005220 ! .1050 2.9869 .7029 1565 -.012 .0*9*
22Z .9050 3.!398 .7125 .1558 -.CO* .0093 -.0080
22 5 .9050 3.2172 .7331 .1550 -.0262 -.0262
226 .9050 3.2*5* .7*06
.7023
,1571 -.0118
-.01*7
-.0293
228 .9050 3.1790 ,1513 .207 .0696
229 .9050 3.2312 .6852 ,1536 .207 -.0270 .0695
230 .9050 3.1987 .7256 15*1 .020 .0187 .00*9
232 .9050 3.1*93 .7126 ,1502 .220 .01*5 .0730
23* .9050 3.2*31 .7*88 1569 -.02* -.0271 -.029*
235 .3C50 3.2352 .7271 .1559 -.019 -.0256 -.0256
236 .9050 3.2197 .725* 1550 .003 -.0093 -.0100
237 .9050
.9050
3.2129 .6913 .1530 .217 -.0098
.0069
.0717
239 3.02*7 .7361 1*36 .096 .0331
2'.0 .9050 3.0229 .7361 ,1*35 .093 .0059 .0370
241 .9050 3. 1161 .7353 ,1*92 -.008 -.0162 -.0162
-.02292'.2 .9050 3.C71* .7*9* 1*69 -.020 -.0219
2** .9J50 3.1912 .7*70 1538 -.051 -.0*37 -.0*93
-.0*112*5 .9050 3.1912 .7329 ,153* -.0*0 -.0*11
2*6 .9050 3.1629 .7355 1518 -.0*3 -.0*32
-JU^2*8
:im 3.071* .7217 1*57 .102 -.02202*9 2.>(<.66 .7*58 1*90
1592
.079 .0306
•:Ult251 .0*61 3.10*1 .7373 -.027 .00*9
.003*252 .0603 3.0078 .7338 1525 .023 .003*
.0285253 .0606 2.9069 .7500 ,1*67 .073 .:'235
25* .0638 2.H702 .7500 .,1*** .02* .005* .005*
255 L.lu50 2.3253 .7332 .1**9 .163 .0333 .0596
256 L.0561 3.0701 .7*53 ,1565 -.036 -.0259
-.0325
-.03*2
258 L.?63a 2.9<.63 .7500 ,1*91 -.031 -.0325
-.0296259 I.CJ36 3.1090 .7323 .1552 -.026 -.0296
260 I.C608 3.0373 .7356 .15*3
.1503
-.021 -.0251 -.0251
241 L.1598 2.9 7 60 .7*75
-.u20
.0003
-.0236 -imt262 .0638 2.9151 .7500 .1*72
26 3 1.0606 2.9519 .7500 .1*9* .015 -.0011
.0026
-.0011
26* -.1050 2.370* .723* .1*69 .167 .0606
266 1.1050 3.0211 .7329 .1585 -.036 .0122 -.0223
.0076269 1.1C50 2.929* .7330 .1515 .029 .0076
270 L.105 2.9592 .73*9 .1533 -.013 -.0218 -.0218
273 .1050 2.7561 .6961 .1*65 .218 .0283
-.8070
.075*
275 1.1050 2.7077 .6989 .1*31 .113 .0*5*
276 1.105O 2.5865 .7380 .1365 .089 .0136 .0359
.271*277 1.1050 2.7*81 .7026 .1*53 .210
279 1. 1050 2.7C19 ,7032 .1*22 .10* .0*06
290 L.1050 2.7337 .70*0 .1**3 .199 -.0077 .0689
281 1.1C50 2.6371 .723* .1338 .090 -.0168 .0361
.0*87282 1.105'J
1.1030
2.7'*63 .7*22 .1*17 .125 .0316
-.0005283 2.7898 .7269 .1*39 .126 .3*87
295 1.1050 2.6*31 .7259 .1390 .087 -.3153 .0350
236 1.1050 2.727S .7500 .1*07 .0*7 .0179 .0179
288 1.00*2 2.3130 .7*22 .1*03 .087 .3132 .0350
289 1.1050 2.8''7* .7*69 .1*93 .02* .00*5
.0***
.00*5
29 2 1. 1050 2.^737 .7253 .1569 -.016 -.00*1
293 .9050 J. 1363 .7213 .1531 .025 .0202 .0076
29* .9050 3.166 7 .7*97 ,1559 -.021 -.0273 -.0278
297 .9050 3.1835 .7390 1532 -.005 -.01** -.01**
298 .9050 3.2131 .7500 ,1555 -.023 -.0289 -.0289
299 .9050 3.1522 .7373 .1515 .0*5
.016
.01*7 .01*7
300 .9050 3.1937 .7*29 .15*5 .0152 .0019
303 .9050 3.2371 .7500 1566 -.023 -.0293 -.0293
30* .9050 3.2172 .7263
.7500
.15*9 .00* -.0095 -.0095
3C6 .9050
.9C50
3.02*7 .1**2 .027 .0069 .0069
307 3.0229 .7500 .1**1 .025 .0059 .0059
312 .9050 3.1629 .7500 .1521 -.0*5 -.0*58 -.0*58
.0297313 1.0593 2.9*70 .7500 .1*91 .077 .0297
31* I. 0^02 3.0095 .7500 .1530 .018
.08*
.0003 .0033
316 1.1050 2.326? .7509 .1*53 .0333 .0333
317 ..0 60 7 3.0387 .7500 .15*8 -.C2* -.0277 -.0277
318 1.0069
1.1050
3. 1065 .7500 .1556 -.029
.C20
-.032*
.^026
-.032*
320 2.370* .7500 .1*80 .0026
321 ,.U50 2.9606
'jm .1533 -.021 -.02*5 -.02*5322 1.1050 2,9310 .1520 .02* .00*3 .00*3
?23
326
L.1050 2.3581 • 7500 .1*31 .039 .03-.3 .03*8
t.l05C 2.7111 ,7129 .1*39 .23* .0237 .0766
329 U1050 2.S795 • .7103 .1*12
.1*31
. 109 -.009R .0*25
330 1.1050 2.7077 .7031 .1*2 -.0077 .0531
333 1.10 5 2.5365 .7390 .13o5 .09* .013* .0376
33* 1.1050 2.6505 .7260 .1391 .092 -.31*0 .3369
338 i.':o*2 2.8100 .7500 ,l*Ci» .0*8 .0132 .0132
339 ..-.05:
i.:05C
2.60 51 .7510 .1371 .0*6 .0171 lUlh3*0 2 . d 9 7 6 .7503 .1*93 .n23 .0039
.. 3*1 .9050 1.0919 .7315 .1507 .0*9 .0160 .0164
3*3 .9050 3.1217 .7* JJ
,7500
.153* .j2 1
-.i07
. J156 .00*2
3*7 . i 5 3.13*6 .1535 -.316* -.016*
3*9 .90'3 3.15JA, .7530 .1513 .C*l .0121 .3121
152 1.0903 2.6143 .7500 .1371 .0*6 .0172 .0172
REGULATORT COKHISSICN
aoOK VALUE
3333333*aX
.C666700
.11*5589
.199732*
.09223*0
.0919232
.0666703
.0957568
.1019206
.0566700
.1012217
.0970003
.0666700
.0666700
.0660700
.0666700
.0666700
.0666700
.11152*9
.0666700
.1200289
.0666700
.0666700
.112725*
.0666700
. 1211668
.0666700
.1278677
.1363716
.1293787
.1373201
.101708*
.1035229
.1121011
.1072300
.117*52*
.1056*8*
.116*073
.1251358
.1032891
.10a265«
.1117593
.1103700
.0688736
.0666700
.0666700
.0666700
.0666703
.079*379
.C666700
.0688736
.1339108
.1006278
.1186339
.11*5589
.0666700
.11*6971
.1055880
.0666700
.1039518
.1113719
.1263562
.0666703
.11*5584
.11*8971
.0979199
.121570*
.1133122
.12*5025
.0666700
.0666700
.1279321
.0666700
.1236078
.0666700
.09*6901
.09*6901
.0666700
.0666700
.0666700
.129*969
.10*2673
.1193063
.1122131
.119*6*5
.11312*3
.126*7*0
.11 76C63
.10951*2
.1123030
.0689736
.0666700
.0666700
.13*1157
.119**12
.11*8971
.1117993
.1099258
.11*8971
.11*53*9
.122*255
.137*929
.1358863
.0666709
,08*2803
M
.070*7*2
70*575
666700
.0666700
. 12v6522
.12953'; 3
. 1216221
.11 '9 916
.12737*0
.366o70d
CONSUI^ERS
RATE BASE
13.2206
10.3*00
10.6195
10.9099
10.922*
10.7376
10.8323
10.7376
l5.25**
10.762*
10.762*
10.3967
10.3137
10.233*
10.0832
9.9659
10.1211
10.5529
10.1*38
ig.*5*2
10.0991
9.9885
10.5610
10.05*0
ia.*619
9.8987
10.3*13
10.2*31
10.3520
10.2529
1<3.762*
10.922*
10.82*1
10.9177
10.6972
10.3705
10.762*
10.5985
10.9099
10.8837
10.8323
1C.8098
10.18*7
10.1789
10.*88«
10.3*0',
10.737;
10.7376
10.6*37
10.3*00
1C.3190
ia.3323
10.5329
10.18*7
10.0653
10. '002
10.7376
10.3285
10.7376
10.6357
10.*218
10.2206
10.3*00
10.2555
10.8323
10.*6*S
10.5681
10.3967
10.2166
9.80*8
10.3*25
10.1772
10.3137
9.9600
9.9659
10.1211
9.9509
9.8987
9.9659
10.3526
10.762*
10.762*
10.9099
10.7120
10.3268
10.6083
10.762*
10.8901
10.82*0
10.18*7
10.1789
10.6*37
10.320*
10.5385
10.1002
10.6*03
10.7376
10.2555
10.5733
1C.*702
10.2506
10.2*01
10.399*
10.2166
9.80*1
9.9600
9.9659
9.7956
10.353T
10.6236
Ifl.762*
10.7159
10.6127
9.80*7
APPENDIX 2
rr§ OIV/» • G3»S • «E
•• «• «>• ««
i • i?9
.39 •Ml .14575 .1434
6 .39
Alt .14)3T .39 .1490
9 .99 .056 .1496
.11 -.J»l .3679
3 .39 .052 .1457
4 .39 ..<62 .1535
»
.11
::fti
.•451
.11 .0655
?
.11 -.036 .3705
.99 .;59
.352
.1411
J .09 .1435
J
.i?
.054 .1434
« • 060 .1490
7 .09 • 069 .16)3
a
1
:U •:iil .1491.3722
.la
:iU .1500
1
.39 .1557
:SI :in • 14306 .1452
I : {
-.»4S .0637
-.032 .0765
j» . 1 -.04? .0666
ki
. 1 -.043 :0695
«6 .10 .;48 .1442
«; .39 .062 .1559
*s . 1 -•046 .0602
«4
. 1 -.^43 . 661
SI • 5' .u5« . 476
52 .;9 .0 64 .1524
sr .C9 • 054 .1429
5« ,r9
.v52 . 416
&1 .09 .u52 . 435
62 .09 .0 6U . 523
• J .09 .041
.552
.1421
64 .09 . 436
>S Jt .061 .1525ta .063
. 522
41 .09 .061 .1504
n .09 .069 • 629
75 .11 -.026 .3960
7i .09 .071 .1653
77 .10 .070 .1662
7S .09 .051
•Mil7<» .11 -.126
§0
:i!
.05 1 .1495
13 -.044 .3679
.37)1it .11 -.J42
97 .10 .049 .1479
a> .09 .06( .1595
»2 .11 -.030
.040
.0799
»3 .10 .1374
.1395» .10 .0 19
«» .11 -.036 .3730
1* .11 -.047 .5643
99 .11 -.032 .0791
igo .11 -.1,32
-.04?
.0773
19* .11 .0678
101
•Ai
.04i .1390
laa .36) .1591
0' .10 .040 .1411
1 .11 -•039 .3692
111 .11 -.049 .0611
.07562 .11 -.034
3 .11 -.347 .0457
i; .09 .067 .1557
6 .39 .057 .1459
2« .09 .052 .1416
7
9
.10 .339 .1195
.39 .061 .1562
•)
.10 .0 19 .1395
30 .09 •<53
.162
.1551
31 .09 .1545
32 . 10 .039 .1390
33 .09 .064 .1553
i?
. 10 .,>38 .1389
.09 .066 . 1557
»0 .09 .066 .1561
tl
. 1 -.024 .3176
«2 .10 -.»ia .3859
*4 .1 -.027 .0959
*«
:J
.069 .1662
*»
.072 .1667
SO .1 -.030 .0924
ISl .1
.
-.326 .3993
15
.1 -.010 .0196
.1 .^IZ .1682
55 -.016 .0909
5» 'A -.029 .0934
57 .1. .045 . 1-55
59 .1 -.045 .0670
>1 .12 -.046 .0719
0] .1 -.040 .5689
64 .10 .0)9
•MM1«5 .1
.11
.054
66 .046 .1469
?s
.071 .1671
-.016 .0919
fj : 1
.069 .1644
.008 .1117
73
ul -.003 .105517« .037 .1379
;? . .060 .1590
176 .11 -.036 .0756
.0649179 .11 -.iso
181 . 11 -.»32 .3827
195 .12 -.032 .0935
196 .10 .069 .1647
»« H fl
««• •a
'"of 4.67 17.23 1
15.31 S.Jl 17.26 I
14.19 4.30
5.o5
17. 2 4 1
15.00 17.25 I
14.20 4.20 17.2 1
14. 5< 4.59 14.99 1
14. )3 4.30 17.22 1
4.68 4.49 17.2 I
4.(2 4.92 16.92 1
4.91 4.91 16.9 1
4.)1 *.91 16.9 I
5.11 5.11 17.6 1
4.59 4.59 7.2 I
4.93 4.93 6.69 i
4.9) -.9) 6.6 9 I
4.19 4.19 7.21 1
4.14 4.14 16.65 1
4.13 4.13 14.96 1
3^9I 3.91 ,7.19 1
14,62 4.62 16.69 1
16.12 14. .9 ^.49
4.2) 4.21 16.66 1
4.56 4.56 6.99 1
14.60 4.60
4. Si
6.99 1
14.5 ) 4.99
14.22 4.22 6.97 1
13.96 3.96 7.19
,7.2214.30 4.30
4.9)t4^37 16.91 I
14.49 4.«9 16.89 1
15.05 5.35 17.12 I
15.11 5.11 17.65 1
14. JO 4.90 14.53 1
14.94 4.44 17.25 1
14.50 4.50 16.47 I
14.56 4.56 17.23 1
14.10 4.10 17.21 1
14.51
14. 5>
4.51
4;5>
16.67 1
17.23 1
14.93 4.91 16.69 1
14.94 4.94 17.25 1
14.13 4.13 17.21 1
14.12 4.12 16.96 1
14.13 4,13 16.65 1
13.90 3.90 17.19 1
14.32 4.02 16.10 I
14.09 4.09 16.17 1
13.75 3.75 16.63 1
14.10 4.10 16.96 1
13.76 3.76 14.93 1
13.39 3.38 17,17 I
14.49 4.49 16.12 1
14.17 4.17 16.37 1
13. )S 3.35 14.90 1
12. )4 2.94 15.14 I
14.56 4.5* 16.89
14.19
14.23
4.19 16.96 1
4.23 14.97
14.54 4.54 16.99 1
13.90
:t?
16.93 1
13.47 15.90 1
13.87 .97 17.20 1
13.06 3.06 16.24 1
14.96 4.96 16.91 1
14.45 4.45 16.99 1
14.49 4.4* 16. 'a 1
14.01 4.31 16.95 1
15.05 5.05 17.12 1
14.)) 4.93 16.59 1
14.90 4.90 16.14 1
13.04 3.04 16.09 1
14.07 4.37 7.21 1
12.92 2.92 4.99 4
14.49 4. .1 4.6 7 I
14.09 4.39 17.21 1
13.09 3.09 6.09
14.50 4.50 6.6 7
12. 16 2.96 4.99
14.73 4.79 4.14
14.79 4.79 16.14 1
14.19 4.16 16.96 1
14.35 4.95 16.42 1
14.07 4.07 14.95 I
13.70 3. 79 17.19 I
14.01 4.01 16.10 I
14.09 4,09 16.96 1
13.75 3.75 14.93 1
14.07 4.37 16.37 1
1 ).74 3.74 16.63 1
13.39 3.18 15.97 1
11.71 3.71 16.14 I
13.09 3.19 15. )4 ;
14.05 4.05 16,95 1
13.33 .33 16.40 1
13.73 .73 ;6.93 1
13.01 M 15.97 ;13.39 17.17 I
13.20 3.20 16.95 1
13.62 .62
U:'3? 114.1) 4.19
13.63 1.63 15.94 1
13.3) 3.33 14.71 1
12.12 2.1i 15.10 1
l:l'r
2.97 14.77 1
3.37 14,90 1
4.23 pi 16.96 13. 73 14.93 I
16.94 13.91
3.42
5.91
3.02 15.98 1
13.63 3.6) 14.06 1
6.72 2.15 2.09 2.21
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